熱弾性体方程式系の解の時間大域挙動 by 木村 悠紀
Large time behavior of solutions for system of
thermoelastic equations
著者 木村 悠紀
学位授与機関 Tohoku University
学位授与番号 11301甲第17838号
URL http://hdl.handle.net/10097/00123029
? ? ? ?
Large time behavior of solutions for system of
thermoelastic equations
(?????????????????)
?? ??
? ? 29 ?
Large time behavior of solutions for system of
thermoelastic equations
A thesis presented
by
Yuki Kimura
to
Mathematical Institute
for the degree of
Doctor of Science
Tohoku University
Sendai, Japan
March, 2018
2
Contents
1 Introduction 1
1.1 Thermoelastic equations 1
1.2 Damped Wave Equations 4
1.3 Error Estimate for Thermoelastic Equations 5
1.4 Semilinear Problem 7
2 Preliminaries 9
2.1 Fourier Multipliern 9
2.2 Fourier Inverse Formula and Related Inequalities 10
3 Spectral Representation 12
3.1 Solution Formula in Fourier Space 12
3.2 Representation of Projection Matrix 14
4 Proof of Theorem 1.3.1 in 2D 22
4.1 Estimate for Low Frequency 23
4.2 Estimate for High Frequency 29
5 Proof of Theorem 1.3.1 in 3D 34
5.1 Estimate for Low Frequency 36
5.2 Estimate for High Frequency 42
6 Proof of theorem 1.4.1 45
6.1 Linear Estimates - Low Frequency Part - 45
6.2 Linear Estimates - High Frequency Part - 49
6.3 Nonlinear Estimate 53
7 Remark on the Nonlinear Problem 59
7.1 Proof of Theorem 7.0.1 61
3
????
??????????????????????????????????????
??, ?????????????????????, ???????????????
?????????????????????????. ??????????????
???????????.8><>:
@2t       ( + e)rdiv +r = 0; t > 0; x 2 Rn;
 1@t   + div@t = 0; t > 0; x 2 Rn;
 (0; x) =  0; @t (0; x) =  1; (0; x) = 0(x); x 2 Rn:
???, ; e;  ??????,  =  (t; x) ???????,  = (t; x) ???????
?????????? [4]. ?????????????, ?????????????
?????????????????, ?????????????????????
Navier-Stokes ?????????????????????????, ???????
?????????. ????????, ????? 2 ???????, ???????
???????????????????????????????????. ???
?, ??????????????????????????, ???????????
??????? P ?????????, ???????? v = P , u = div ????
?Helmholtz ??????, ???????????????????????????
????????????, ?????????? 2 ????????????.(
@2t v   v = 0; t > 0; x 2 Rn;
v(0; x) = P 0(x); @tv(0; x) = P 1(x); x 2 Rn;8><>:
@2t u  u+ = 0; t > 0; x 2 Rn;
 1@t   + @tu = 0; t > 0; x 2 Rn;
u(0; x) = u0; @tu(0; x) = u1; (0; x) = 0(x); x 2 Rn;
???  = e + 2 ???. ???????????????????????????
???????????????????????????, ????????????
?????????????????. ????????????, ?????????,
????????????, ???????????????????????????
????, ?????????????????????????. ?????????
????????????????????, ???????????????????
????????????.
???????????????, ??????????????????????
????. ?????????????????????????????, ?????
?????????????????????????????????????, ??
??????????????????????????? 2 ???????????
????????????. ??????????????????????????,
???????????????????????, ?????????????(
@2t u+ @tu u = 0; t > 0; x 2 Rn;
u(0; x) = u0; @tu(0; x) = u1(x); x 2 Rn:
4
???????????????????. ??, ?????????????????
??????????, ?????????????????????????????
????????? Racke [5], ?????????????Matsumura [2] ?????
?????. ???, ??????????????? Nishihara [3] ???????, ?
???????????????????????????????????????
???????????, ?????????????????????????.
??????????????????????? Fourier ???????????
????????????????????????????????????????
?????, ???????????????????, ??????????????
???????????????. ????????????????????????
??????????, ???????????????. ?????????????
??????????????????? Hsiao, Liu [1] ??????????????
???????????, ????????????????????????????
?????????, ??????????????. ???????????????
?, ????????????????????????????????, ?????
? Lebesgue??????????????????????????????????.
???????????????????????, ????????????????
????????????????????, ??????????????????.
??, ?????????????????. ??????????, ?????, ?
??????????????, ?????????????????????????
????????, ???????????????????????????????
??????.
?????, Fourier??????????? Fourier ??????????, ???
?????????????????????.
?????, Fourier?????????????????????????????
???. ??????????????????????????????, ?????
?????????????. ??????????????, ???????????
?????????????????????????????, ??????????
?????????. ??????????????????????????????
????????, ?????????????, ?????????????????
????.
?????????????, ????????????????????????
????. ????????????????????????, ??????????
? Fourier ???????????????????????. ???????????
???????????????????, Bessel ?????????????????
?????.
??????????????????????????????????????
????????. ????????????????????, ?????????
????????????, ??????????????????????????
? Banach ???????????????????????????????????
??.
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?????????????????????,?????????????????
?????????????????????. ????????????? Helmholtz
??????????????????????????, ?????????????
??????????.
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